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摘  要 
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粒子的尺寸、近场耦合以及激发光波长等因素对其 SERS 活性的影响。 




合成一系列粒径不同（16 nm 到 160 nm）的金纳米粒子球作为 SERS 基底，发
现 120 - 135 nm 的金纳米粒子在 632.8 nm 波长激发下具有 强的 SERS 活性。通
过 3D-FDTD 模拟，从理论上分析了金纳米结构的 SERS 基底的电磁场分布，探
讨了粒子尺寸与 SERS 活性的关联。第四章主要定量研究金纳米粒子的近场耦
合、激发光波长等因素对其 SERS 活性的影响。研究结果解释了金在 325 nm 激
发线下检测不到紫外光激发的表面增强拉曼信号（UV-SERS）的原因。 
本论文工作得到了如下一些研究成果： 




在粒径 220 nm 时又出现 SERS 增强另一峰值，这对今后合成金纳米
粒子实验具有一定的指导意义。 



























于可见光区，故实验上在 UV 光区难以获得金纳米粒子的 UV-SERS
信号。 























Surface-Enhanced Raman Scattering (SERS) is able to obtain remarkably rich 
in-situ vibrational information from surface species due to its extremely high 
detection sensitivity and has been developed into one of important techniques in 
surface science. It has found wide applications in chemistry, physics, biology, 
nanoscience, and etc. However, up to now the SERS enhancement mechanisms are 
still not completely illustrated. Moreover, a stumbling block in further expanding 
SERS application is the lack of standard and routine methods for preparing the SERS 
substrates with the optimal SERS activity and good reproducibility. All these prevent 
the further development and applications of SERS. In this thesis, we employed mainly 
the three dimensional finite difference time domain (3D-FDTD) method to simulate 
the electromagnetic enhancement of gold nanostructured substrates with high SERS 
activity obtained in our experiments, on considering the influence of the particle size, 
near-field coupling, and excitation wavelength.  
The thesis is divided into four chapters. In the first chapter, the aims and tasks of 
this work were presented after reviewing recent progress of SERS and substrate 
preparation. In chapter two, we introduced concisely 3D-FDTD method and a 
modified Debye function of metal dielectric constant. In chapter three, we gave 
emphasis on the size dependent SERS activity of gold nanoparticles. By synthesizing 
Au nanoparticles with controllable size from about 16 to 160 nm and measuring their 
SERS activity, We found that Au nanoparticles film with a size in the range of 
120-135 nm showed the highest SERS activity with the 632.8 nm laser excitation. The 
3D-FDTD method was employed to simulate the electromagnetic distribution of gold 
substrate, and analyzed the size dependent SERS activity. In chapter four, we 
quantitatively studied the correlations between near-field coupling, excitation 
wavelength and SERS activity of gold nanoparticles. The result can well explain that 

















The main progresses of this work are listed as follows:  
1. We systematically investigated the size dependent SERS activity of gold 
nanoparticles by 3D-FDTD method. The result agrees well with our 
experimental data. For Au nanoparticles with larger size, such as 220 nm, 
the multipolar effect leads to the appearance of the second maximum 
enhancement with the increasing particles size. This will give some 
instructions for future experiments in synthesizing gold nanoparticles 
with strong enhancement. 
2. We quantitatively studied the correlations between the coupling effect, 
excitation wavelength and SERS activity of gold nanoparticles. The 
results showed that near field coupling between nanoparticles plays a 
critical role in the electromagnetic enhancement of gold nanostructure. 
When nanoparticle gap is narrowed to below several nanometers, 
significantly enhanced local electromagnetic enhancement will be 
produced leading to the formation of SERS hot spot. Further decreasing 
the gap up to the touch of the two nanoparticles, the surface plasmons 
resonance enhancement will reduce sharply due to the exchange of 
charges between them. If the gap is at the dimension of the size of the 
nanoparticles, the electromagnetic coupling effect can be negligible. The 
excitation wavelength for producing the maximal enhancement will 
redshift with the increase of the size of the Au nanoparticles. 
3. We further analyzed the SERS activity of Au nanoparticles in the ultra 
violet region. The surface plamons resonance can not be effectively 
excited by the UV excitation due to the interband transition of gold 
nanoparticles. Furthermore, the detection sensitivity of present Raman 
instruments is still far lower than that in the visible region. It becomes 
reasonable that we could not observe UV-SERS in the UV region. 
    A good agreement between 3D-FDTD simulation and experimental results 
clearly demonstrates that surface enhancement of gold nanoparticles was mainly 















further understanding the SERS mechanism. Meanwhile, the results will be of great 
help in instructing the preparation of SERS substrates with high enhancement and 
high stability under the desired excitation wavelength. 
 
Keywords: Surface-Enhanced Raman Scattering（SERS）；Au Nanoparticles；Three 
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第一章  绪论 
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入射光子将部分能量传递给分子，发射 10 υυ − 的光子，则产生的拉曼散射光称为
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